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INTRODUCTION 

Al te rna t ive  f u e l s ,  such as solvent-ref ined coal (SRC), s h a l e  o i l ,  and biomass, 
a re  gaining more importance as energy sources ,  as  the s c a r c i t y  of crude o i l  
increases .  Fract ionat ion of these f u e l s  i n t o  a c i d i c ,  bas ic  and neutral  compo- 
nents i s  a general ly  accepted method of separat ion t h a t  has been widely ap- 
pl ied f o r  the  charac te r iza t ion  of coal-derived l iqu ids  (1-6) and s h a l e  o i l  
(7,8). Various schematics have been u t i l i z e d  f o r  th i s  kind of  separat ion,  
among which aqueous ex t rac t ion  (1,7,10,11) ,  ion exchange chromatography (6 ,9 ,  
12) and s e l e c t i v e  i s o l a t i o n  of N-containing compounds by HC1-precipitation 
(2,3,5)  o r  organometal l ic-coordinat ion chromatography (6,12,13) have been the 
most commonly used. 

Many of  these schematics possess a number of  disadvantages and/or l imi ta t ions .  
The l imited s o l u b i l i t y  of the protonated bases i n  the aqueous acid (aqueous 
acid ex t rac t ion)  (11,14) and the s e l e c t i v e  p r e c i p i t a t i o n  of  the  aromatic ba- 
ses by HC1 (HC1 p r e c i p i t a t i o n )  (15) a r e  just examples. The work by seve- 
ra l  authors (10,11,14,15) demonstrates t h a t  the bas ic  f r a c t i o n s  generated by 
d i f f e r e n t  base i s o l a t i o n  methods a r e  not  i d e n t i c a l ,  and i n  sane cases  posses 
s i g n i f i c a n t  s t r u c t u r a l  d i f fe rences  (15) .  

The inadequacy of the e x i s t i n g  methods, i n  t h e i r  present  form, suggested t o  
us t h a t  there i s  a need f o r  a general and in tegra ted  acid base-neutral separa  
t ion  schematic. Such a schematic should be appl icable  t o  var ious kinds of l i -  
quid f u e l s ,  should avoid any ex t rac t ion  o r  prec ip i ta t ion  s t e p s  and r e l y  ins -  
tead on chromatography. We have undertaken the development of t h i s  separa t ion  
scheme using a la rge  number of s tandards t h a t  represent  the var ious chemical 
c lasses  general ly  found i n  l i q u i d  f u e l s .  

One " s i l i c a  gel modified w i t h  KOH" column and one cat ion exchange res in  co- 
lumn were employed f o r  the  f rac t iona t ion .  Mixtures of the  var ious s tandards ,  
as well as  the  a l t e r n a t i v e  f u e l s ,  were separated i n t o  a c i d s ,  bases and neu- 
t r a l s  f r a c t i o n s  which were then character ized by Gas Chromatography/Mass 
Spectrometry ( W M S )  . 

EXPERIWNTAL 

Preparation o f  t h e  packing mater ia l s  for column-chranatography 

Amberlyst 15,  the cation-exchanger u t i l i z e d ,  and the s i l i c a  t r e a t e d  with K O H ,  
were prepared according t o  the  l i t e r a t u r e  (9 ,16) .  In this work, 20 gm of t h e  
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cation-exchange r e s i n , s l u r r i e d  i n  te t rahydrofuran;  and 20 gm o f  the KOH t r ea -  
ted s i l i c a ,  s l u r r i e d  i n  isopropanol-chloroform mixture, each was mechanically 
s t i r r e d  f o r  30 minutes before being in t roduced i n t o  a 500 x 11 mm 1.0. glass 
colunm f i t t e d  w i t h  a t e f l o n  stopcock and a p iece o f  glass wool t o  r e t a i n  the  
packing ma te r ia l .  The modi f ied s i l i c a  column was then washed w i t h  100 m l  o f  
chloroform w h i l e  the r e s i n  column w i t h  100 m l  o f  n-hexane, each so lvent  o f  
which serv ing as a f i r s t  e luen t .  

F rac t i ona t ion  of  standard mixtures on both columns 

Separate mixtures o f  acids, bases and neu t ra l s  standards were prepared so as 
t o  con ta in  300 mg/ml o f  te t rahydrofuran.  The composition o f  these standards 
appears i n  Table 1. The r e t e n t i o n  behaviour o f  the separate mixtures, on both 
columns, was monitored g r a v i m e t r i c a l l y  (and l a t e r  s tud ied  by GC/MS) by i n j e c -  
t i n g  1 m l  o f  each mixture on each o f  the two columns and c o l l e c t i n g  f rac t i ons  
i n  v i a l s  o f  5 m l  each. Fract ions were evaporated t o  constant weightby p lac ing 
the v i a l s  i n  a, home-made, water  bath-heated block, s e t  a t  7OoC and passing 
Nitrogen a t  a low pressure. F igure 1 o u t l i n e s  t h e  schematic used t o  f r a c t i o -  
nate a t o t a l  m ix tu re  o f  the standards, and l a t e r  appl ied t o  the l i q u i d  fuels, 
along wi th  t h e  e luents  u t i l i z e d  t o  prov ide the  optimum condi t ions f o r  the 
separation. 

6as Chromatography-Mass Spectrometry: Experimental Condit ions 

The GC/MS system used was an HP 5995 B equipped w i t h  a l i b r a r y  search system. 
The mass spectrometer was used i n  the e lec t ron  impact (EI) mode w i t h  an i o n i -  
zat ion p o t e n t i a l  o f  70 eV. Gas Chromatographic condi t ions appear as a footno- 
t e  i n  Table 1. Standards were chromatographed i n d i v i d u a l l y  and i n  t h e i r  res- 
pect ive mixtures o f  acids, bases o r  neu t ra l s  t o  determine t h e i r  re ten t i on  
cha rac te r i s t i cs  and the  best  r e s o l u t i o n  condi t ions.  

RESULTS b DISCUSSION 

Chromatogram 1 shows t h e  t o t a l  mix ture o f  acids, bases and neu t ra l s  standards 
before f r a c t i o n a t i o n ,  wh i l e  chromatograms 2, 3 and 4 a re  f o r  t he  ac id i c ,  ba- 
s i c  and neu t ra l  f rac t i ons ,  respect ive ly ,  a f t e r  t he  t o t a l  mix ture has been suc- 
cessively separated on cation-exchange and s i l i c a  modi f ied columns, according 
t o  t h e  developed schematic i n  F ig .  1. Chromatograms 2 - 4 were generated un- 
der i d e n t i c a l  chromatographic condi t ions f o r  cmpar ison purposes. These con- 
d i t i ons  along w i t h  peak numbers i d e n t i f i c a t i o n  appear i n  Table 1. 

Chromatogram 1 ,  i n  add i t i on  t o  being complex, shows t h a t  co -e lu t i on  o f  seve- 
r a l  o f  t h e  components i s  i n e v i t a b l e ,  even w i t h  t h e  slow temperature program 
employed. These problems are overcome a f t e r  the t o t a l  m ix tu re  i s  f ract ionated,  
as chromatograms 2 - 4 confirm. 

Chromatogram 2 shows t h a t  t he  a c i d i c  f r a c t i o n  is  pure; no over lap o f  bas ic  o r  
neutra l  components has been detected by GC/MS. Chromatogram 3 demonstrates 
tha t  t he  bas i c  f r a c t i o n  i s  s l i g h t l y  contaminated w i t h  sane a c i d i c  components 
(peaks 31, 33, 39 and 41). The contamination l e v e l s  a re  low as i nd i ca ted  by 
the r e l a t i v e  peak areas measurement. The on ly  contamination o f  t he  neutra l  
components, i n  t h i s  same chromatogram, comes from 2-methyl i n d o l e  (peak 34). 
This compound behaves as a week base and can e a s i l y  be trapped by a strong 
cation-exchanger. This phenomenon i s  f u r t h e r  emphasized i n  chromatogram 4 
f o r  t he  neu t ra l  f r a c t i o n  which shows t h e  complete absence o f  2-methyl indole.  
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The strong over1 ap of 2-sec-butylphenol (peak 24) and 3-t-butylphenol (peak 
25) w i t h  the neutral f r a c t i o n  i n  chromatogram 4,  could be due t o  t h e  s t e r i c  
hindrance of the bulky buthyl groups t o  adsorpt ion of these  respective phenols 
on the bas ic  s i l i c a  sur face .  

Chromatogram 5 shows a bas ic  f r a c t i o n  i s o l a t e d  form a typ ica l  Braz i l ian  SRC 
(Mina do LeZo) using the developed schematic. Conditions a r e  the same a s  i n  
Table 1 except t h a t  a 5oC/min temperature programn was used. 

A portion of the t o t a l  ion chromatogram (T.I .C.)  f o r  this  same f r a c t i o n  i s  
displayed i n  chromatogram 6. Both the gas chromatogram and the t o t a l  ion 
chromatogram indica te  t h a t  the  var ious bas ic  components have been well reso l -  
ved which makes t h e i r  i d e n t i f i c a t i o n  (not  attempted) q u i t e  poss ib le  s p e c i a l l y  
knowing t h a t  this f r a c t i o n  should contain the bas ic  compounds as  the  results 
i n  chromatogram 3 ind ica te .  

In conclusion, t h i s  work suggests t h a t  u s i n g  the developed schematic any 
mixture containing a c i d i c ,  basic  and neutral  components can be e f f e c t i v e l y  
separated i n t o  i t s  respec t ive  chemical c lasses ,  w i t h  a minimum overlap among 
these c lasses .  The method can be re f ined  a l i t t l e  more so as  t o  y i e l d  even 
purer f rac t ions .  Work along these l i n e s  is under study. 
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